Holstein bull calves maintaining reflex closure of the esophageal groove after early -weaning were used to examine the effect of abomasal 
glutamine
(Gln) on nitrogen (N) balance and plasma amino acid concentrations.
In Experiment 1, comparisons with the administration of iso-nitrogenous diammonium citrate (DAC) were made from 9wk of age using 10 calves in a reversal method with five replicates and 2wk-period. In bility that abomasal supplement of L-glutamine (Gln) increased plasma BCAA concentrations is not neglected so far as our studies are concerned, because L-Gln was used as a control or for adjustment of N intake in all N balance trials1,2). The small intestine is the only one tissue where all the enzymes required to construct citrulline (Cit) from glutamatic acid (Glu) are assembled27). Although both Gln and Glu are major respiratory fuels of enterocytes28,29), activity of phosphate dependent glutaminase (GLNase) that converts Gln to Glu is the rate limiting step of Gln metabolism in the enterocytes28,29 The supplemental N sources were administered through the esophageal groove by offering warm water dissolved each N source at 08:30 and 16:30h in even portions with nipple under the same auditory condition as that before experiments. Feces and urine were collected for the last 5d in every period. Jugular blood samples were also taken from every calf immediately before (0h) and 3h after the morning feeding and administration on the last day of each period. Analyses
The N contents of feed, supplemental N sources, feces and urine were determined by Kjeldahl method. Free amino acids in the plasma were determined by the method previously described9). Data were analyzed by ANOVA using the GLM procedure of SAS23). When treatment effect was significant (P<0.05) or tended to be significant (P<0.10) in Experiment 2, the differences among means were tested for significance (P<0.05) or trend of significance (P<0.10) by Duncan's multiple range test. Results and Discussion N Balance Tables 1 and 2 3) Mean BW at the start of one treatment of the two. 4) Mean BW at the end of one treatment for 2wk.
5)
Including supplemental N sources. Quigley et al. 19 ) estimated that the proportion of microbial N flowing to the duodenum increased from 52.6% at 5wk of age to 71.2% at 11 wk of age in calves weaned at 4wk of age, although the increase was not statistically significant.
In addition, Vazquez-Anon et al.26) reported that feedstuffs high in degradable protein such as SBM and corn gluten feed had lower ruminal degradation rates during the first 4wk after weaning at 5wk of age than they did at 8wk after the weaning , although ruminal degradation rates of low degradable proteins did not change for 8wk after the weaning.
Proteins in corn gluten meal (CGM) are known to be highly resistant against ruminal degradation18).
When a diet containing CGM as a main protein source is fed to early-weaned calves, less degradable intake protein (DIP) would be supplied to rumen microbes as a N source independent of age after weaning. When a ration based on corn and CGM was fed to Holstein bull calves before 3mo of age or under 90kg BW, Lys was first limiting even if the CP intake from the ration was as high as 3.9 g/kg BW/d10). However, in calves after 3mo of age or above 90kg in BW, Lys was not limiting when CP intake from the corn-CGM ration was more than 3.9g/kg BW/d11), but limiting when the CP intake was restricted to 3.0g/kg BW/d12). These results suggest that Lys becomes limiting when ruminal microbial synthesis is restricted, and that the restriction is obliged by underdevelopment of rumen function under 3mo of age but by dietary factors such as the deficiency of DIP as a N source for microbes above 3mo of age.
In Experiment 2, the basal ration based on corn and SBM was fed at the daily CP intake of 2.6g/kg BW to restrict microbial protein synthesis in the rumen. However, abomasal administration of DL-Met and L-LysHCL did not improve N balance, in contrast to calves under 3mo of age1,2). It suggests that amino acids supplied by, microbial protein and undegraded intake protein from corn and SBM were well utilized by the host, although the supply of total amino acids was not enough to the highest growth rate judging from lower daily gains shown in Table 2 . Some workers have reported that Met was first limiting for steers when some dietary protein was furnished by SBM5,17), but Zinn30) reported that amino acid requirements for the daily gain of 1.48kg in steers weighing 163 to 267kg were fully met by the CP intake of 659g/d, independent of the protein source of diets. 
